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Abstract: The major Appalachian Basin topic being discussediband gas producers today is
the Marcellus Shale formation. Since 2004 buse®bgave only recently been able to
aggressively pursue natural gas production frosiahderground formation. Given the lack of
production data in the Marcellus, this paper draparsllels from similar U.S. shale formations.
The expected ultimate recovery (EUR) of hydrocasbiorthe shale formations (such as the
Barnett Shale and Haynesville Shale formationssed as a basis for the Marcellus Shale
predictions.

In the engineering task of predicting the MarcelBimale decline, past trends of performance will
be evaluated. The analysis presumes that thes#steend controlling factors will persist.
Different factors such as initial production ratarvature of the decline, and rate of decline will
be taken into consideration in the analogy betvatte formations. The EUR is defined as the
amount of hydrocarbons produced from the time tak i drilled to the time of abandonment.
This study will compare the Barnett and Haynes\8llale formations to the Marcellus Shale.
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The purpose of this paper is to consider produdieciine curve parallels between the
Barnett/Haynesville Shale and Marcellus Shale féiona. Decline curve analyses and expected
ultimate recovery (EUR) predictions are found ia flublic domain for the Barnett and
Haynesville Shale. The type curve characteristiesthereafter applied to the Marcellus
formation. The study of these reservoirs will d@rm@oducers of the Marcellus formation and
provide an insight into the expected value of thisviously untapped formation.

Shale formations are organic-rich rocks typicaflgarded as source rocks for underground
hydrocarbons. Because of the low permeability @ordsity of the shale formations, oil and gas
companies had no way to economically produce tkdrgplace. However, with the onset of
horizontal drilling, improved stimulation metho@s)d increased natural gas prices, producers
began investing in the resources necessary to pedthe formerly untapped gas reserves.

The typical shale gas reservoirs consist of 50f8@00f net pay thickness, 2-8% porosity, and
depths of 1,000-13,000 feet (3). With trillionsaafbic feet of natural gas now available,
producers look to utilize vertical drilling, horiatal drilling, and hydraulic fracturing techniques
to pursue production in the U.S. shale plays.
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Figure 1: Lower 48 Shale Gas Plays (http://www.oerlsom/Portals/O/images/shale_gas-

map2.jpg)
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The Marcellus Shale lies 5,000 to 8,000 feet betlwavearth’s surface and covers roughly 2/3 of
the states of Pennsylvania, New York, and WestiNiag6). This formation, which is still in its
producing infancy, has 21 Bcfe of proven reserves48 Tcfe of probable and possible reserve
potential (10). This relatively new play has dratlva attention of producers because of its large
size and potential economic impact on the U.S. Conwealth (9). In 2005 wells began to be
drilled on a regular basis; although, sufficierdguction data has not yet been collected to
accurately predict the EUR for these early prodyieiells. Pennsylvania oil and gas regulation,
for instance, does not require producers to reguamual well production until five years have
passed. Therefore, 2005 well production will natee the public domain until the year 2011
(12).

Much like the Marcellus Shale, the Barnett Shals maviously thought to have been only a
hydrocarbon source rock with no producing resergotential. However, the success in the
Barnett Shale led to development in other shalgspiacluding the Marcellus Shale. Because of
the lack of production data from the Marcellus, Bagnett and Haynesville formations will be
used as case studies and an analogy to the Macélas in place of the Barnett Shale is 50
trillion cubic feet. However, according to geologym only ten percent of the gas in place is
economically recoverable utilizing the current baydic fracturing and stimulation techniques

(5).

Numerous sources were referenced during the rdsphase of this paper. Information about
the history of shale plays in the Lower 48 was iolaté online from various industry resources.
Well costs and decline curve data for public congmere obtained for the Marcellus,
Haynesville, and Barnett Shale formations. In tiddj data about shale gas reservoir modeling
was available from the SPE Eastern Regional Meatir2§09.

The document will cover the EUR of the Barnett &laynesville Shale formations and decline
predictions in the Marcellus. Data is also avddalegarding the economic viability in the
Marcellus. The feasibility of producing from sbakserves depends on effective fracturing and
stimulation techniques. Usually production fronalghplays is not possible unless complex,
non-linear fractures are present to connect tlgelegservoir surface area to the wellbore. This
paper does not address the topic of complex hyidrrakturing techniques or stimulation
techniques to maximize production in shale gas &bions.
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-Bcfe: Billion cubic feet equivalent
-EUR: Expected Ultimate Recovery
-FBHP: Flowing bottom hole pressure
-ft: Feet

-Mcfe: Thousand cubic feet equivalent
-mD: Millidarcy

-MMcfe: Million cubic feet equivalent
-psi: Pounds per square inch

-SPE Society of Petroleum Engineers

-Tcfe: Trillion cubic feet equivalent
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The Barnett Shale formation, located in the FortrdW@asin, is a complex reservoir that began
drawing the attention of oil and gas producer$i?1980s. The first well was drill in 1981 in
Wise County, TX (2). Because most of the paramseteross an entire formation are not exactly
consistent, most reservoir decline predictions contle a range of input values and results. The
Barnett Shale still provides a good comparisoh&Marcellus Shale because of similar rock
and reservoir properties. See Table 1 in AppeBdiar more information on the specific
formation properties of the Barnett Shale.
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Figure 2: Barnett Shale Geographic Map (http://geabgy.com/research/images/barnett-shale-
formation-map-lg.jpg)
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Figure 3 provides a type curve for the first fivasays of production of the Barnett Shale
formation. The EUR was found to be 2.5 Bcfe withiratial production rate of approximately
3.5 MMcf/d. For this formation, the productionedalls nearly 73% in the first year. This steep
decline in rate means that the majority of cumu&aproduction will come early in the life of the
formation. It is important to note that most comiga consider the first 10 years of production
to be the most important. This is because the mtyajof the EUR is produced during this period
and drives the project economics. Figure 3 bellea provides type curves for other U.S. shale
plays in the Lower 48.
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Figure 3: Type Curves for the Barnett Shale (12)
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The Haynesville Shale is another shale gas pléyariower 48 that may provide insight into the
Marcellus production decline. It extends into EBestas, Northwest Louisiana, and Arkansas;
sometimes it is referred to as the Louisiana St@&dhlumberger assessed the total depth of the
formation to be 18,000 ft in 1981 (1). Pressurthia deep, thick formation is abnormally high
for a shale play (20,000 psi). Predictions expktte Haynesville Shale to be as big as the
Barnett formation, which would make the Hayneswlfee of the biggest natural gas fields in the

United States (4). Now the Haynesville Shale t®gnmized as the fourth largest gas field in the
world (1).
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Figure 4: Haynesville Shale Geographic Map
(http://carmouchelandservices.com/images/hayneswelshale-map.gif)
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Figure 3 below presents recently released datBétohawk’s decline curve analysis and
cumulative production plot for the Haynesville fation. Like the Barnett, the early years of
production decline will be considered becauseithibe most critical time of the well’s life. At
18 MMcf/d, the Haynesville has a higher initial guztion rate than both the Marcellus and the
Barnett. This means that the reservoir has agreatential to produce natural gas; however,
many other factors also play into the overall amtaimproduction for a given formation.
Petrohawk predicted the EUR of the Haynesville fation to be 7.5 Bcf with 6 Bcf of the
recovery coming in the first 10 years of productidn other words, 80 percent of the overall
recovery from this formation will take place ovhetfirst ten years (8). Compared to other
formations, that is a large amount of recovenjhm e¢arly life of the producing field. Companies
working in this field have seen an early pay-oftheir investments. How does this compare to
predictions in the Marcellus Shale?
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Figure 5: Type Curves for the Haynesville Shale (8)
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Old vertical wells have existed in the Marcellusa&hbut the formation was not tapped into on a
regular basis. Before horizontal drilling wasiagd, producers occasionally hit natural
fracturing systems and were able to see some ptiodudNow producers are assertively
pursuing this formation with new drilling and corapbn techniques. The reservoir properties of
the Marcellus are comparable to the Barnett Shaleproduction data may not decline in the
same manner. See Table 2 in Appendix B for mdenmation about the reservoir properties of
the Marcellus Shale.

Figure 6: Marcellus Shale Geologic Map (http://sch@a-root.org/science/geology/stratigraphy
[formations/shales/marcellus/marcellus_shale_mapfyi
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Figure 7 below presents Chesapeake Energy’s peeditscline curve analysis of the Marcellus
Shale formation. The initial production rate fhistcurve is about 4 MMcf/d, which is lower
than the Haynesville Shale but slightly higher thamBarnett formation. The EUR for this type
curve is 4.2 Bcfe. Both the Barnett and Haynes\@lhale formations had steep decline rates in
the first few years of production. In Figure 7 tarcellus production rate declined 70% after
the first year but only 17% of the EUR was productdaddition, only 55% of the production
will be produced in the first ten years, which asiderably less than the Haynesville formation.

Year Cum. Production (Bcfe) % of EUR Recovered
2 11 26
4 15 36
6 1.8 43
8 2.1 50
10 2.3 55

Table 1: EUR for the Marcellus Shale

Figure 7: Type Curves for the Marcellus Shale (7)
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1.) Due to hazardous terrain, environmental reguiat and lack of equipment, the Marcellus
Shale formation is not expected to take off urdl@ (9).

2.) Potential of the Marcellus Shale will be congtde to the Barnett because of their similar
initial production rates and first year declineetatHowever, the Marcellus may decline slower in
later years.

3.) It will take longer to evaluate the profitabjlfrom the Marcellus Shale because a smaller
percent of the reserves will be recovered in thet fen years than the other shale plays. Longer
reserve recoveries will impact the overall econanaitthe play.

4.) According to estimates generated by Deutschk Bhe range of internal rate of return (IRR)
for the Marcellus Shale is 72-100% before tax dédos. IRR is used by producers to
determine whether or not to make an investmene IRIR is greater for the Marcellus than for
any other U.S. shales, Deutsche Bank concludedulsecf premium natural gas pricing due to
location and relatively low royalties in Appalachibn addition, the Marcellus is estimated to
have the lowest breakeven price ($3.17) when coedpar the Haynesville and Barnett Shales.

5.) The lack of annual production data in the ppdbmain for five years (due to state
regulations) limits independent analysis of actuell data.
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Table 1 (Source: Works Cited #3)
Depth [ft] 7,000
Reservoir Pressure [psi] 3,800
Pore Pressure Gradient [psi/ft] 0.54
Net Pay [ft] 300
Porosity [%] 3
Matrix Permeability [mD] 1.0e-5;1.0e-4
Water Saturation [%0] 30
F] 180
FBHP [psi] 1,000
) ( (
Table 2 (Source: Works Cited #3)
Depth [ft] 5,000
Reservoir Pressure [psi] 2,750
Pore Pressure Gradient [psi/ft] 0.55
Net Pay [ft] 100
Porosity [%] 8
Matrix Permeability [mD] 1.0e-5;1.0e-4
Water Saturation [%0] 25
F] 105
FBHP [psi] 500
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